Summary The relationship between pet bird keeping and lung cancer according to exposure to tobacco smoking was investigated in a case-control study in hospitals of New York City and Washington, DC, USA. Newly diagnosed lung cancer cases (n = 887) aged 40-79 years were compared with 1350 controls with diseases not related to smoking, of the same age, gender and date of admission as the cases. The prevalence of pet bird keeping was 12.5% in men and 19.1% in women. There was no association between ever keeping a pet bird and lung cancer in never smokers (men adjusted odds ratio (OR) = 0.70, 95% confidence interval (Cl) 0.15-3.17; women, 1.32, 95% Cl 0.65-2.70), or in smokers and non-smokers combined, after adjustment for ever smoking (men: 1.28, 95% Cl 0.88-1.86; women: 1.17, 95% Cl 0.83-1.64; all: 1.21, 95% Cl 0.95-1.56). Risk did not increase in relation to duration of pet bird keeping. Cases and controls kept similar types of birds. There was a tenfold increase of lung cancer risk associated with smoking among non-bird keepers (adjusted OR = 9.15). There was no indication of a synergism, either additive or multiplicative, between smoking and pet bird keeping with respect to lung cancer risk. Either alone or in conjunction with smoking, keeping parakeets, canaries, finches or parrots is not a risk factor for lung cancer among hospital patients in New York and in Washington, DC.
ownership of pet birds and lung cancer, with relative risks adjusted for smoking of 6.7 (2.2-20.0) in The Netherlands (Holst et al, 1988) , of 2.14 (1. 35-3.40) in Britain (Kohlmeier et al, 1992) and of 3.9 (1.2-12.6) for keeping pigeons in Germany (Gardiner et al, 1992) . However, these positive results were contradicted by negative findings by Alavanja et al, (1996) and Modigh et al, (1996) , who found no association between keeping pet birds and the risk of lung cancer.
We describe here the results from an additional case-control study performed among US hospital patients. The present study includes data on men and women, whereas the other US study was limited to women. Special attention was given to whether the effect of keeping birds on lung cancer risk was increased by exposure to tobacco smoke as the possibility of such synergism had been raised (Morabia, 1993) in the discussions that followed the previous publications (Gardiner Kohlmeier et al, 1992) .
MATERIALS AND METHODS
The present analysis uses data collected from a multicentre hospital-based case-control study of risk factors for lung cancer that was initiated in 1977. The methodology for this study has been described previously in detail (Wynder and Covey, 1987) . In brief, after signing a consent form approved by the local Institutional Review Board, patients admitted for newly diagnosed diseases were interviewed by trained personnel. A structured questionnaire was used to obtain an extensive smoking history and data on other characteristics such as education. Since 1991, participants in New York City and in Washington, DC, have been asked the following questions on pet bird keeping: 'Have you ever had a pet bird in your home for at least a year? (yes, no) If yes, how many years? What kind of bird was that?' Cases were patients with newly diagnosed lung cancer (ICD code 162). All cases were pathologically confirmed and histological types were abstracted from surgical and pathology reports. Controls were patients admitted to the same hospitals and within the same time period (± 2 months) as the cases but for conditions not known to be related to smoking. A frequency-matching procedure was based upon the case patient's age (± 5 years), gender, hospital and date of admission (± 2 months). Fewer than 5% of patients who were approached refused to participate to the study.
Prevalence of bird keeping and of smoking status were compared between cases and controls using the odds ratio (OR) as an approximation for the relative risk of lung cancer. Additive and multiplicative synergisms were assessed by contrasting the expected with the observed joint effects of smoking and pet bird keeping (Kleinbaum et al, 1982) . The individual effect of smoking (OR-smoking) was assessed among never pet bird keepers. The individual effect of pet bird keeping (ORpet) was assessed among never smokers. The expected joint, additive effect of keeping pet birds and of smoking on lung cancer was estimated by the sum: OR_smoking + ORpet -1.0. The expected joint, multiplicative effect of keeping pet birds and of smoking on lung cancer was estimated by the product: OR_smoking x OR-pet.
Multivariate analyses, including test for trends, were performed using logistic regression (Breslow and Day, 1980) . Categories for As shown in Figure 1 , there was no indication of a synergism, either additive or multiplicative, between smoking and pet bird keeping. In the whole sample, the adjusted ORs of lung cancer, relative to persons who were neither exposed to pet birds nor exposed to smoking, were 1.24 (0.67-2.34) for exposure to pet birds more than 1 year in never smokers, and 9.15 (6.79-12.36) for ever smoking among subjects never exposed to pet birds for at least 1 year. The observed joint OR for having ever smoked and ever kept birds relative to having never smoked and never kept birds was 11.02 (7.81-15.15 ). This was not substantially different from the expected joint additive effect (OR = 1.24 + 9.16 -1.0 = 9.4) or the expected joint multiplicative effect (OR = 1.24 x 9.16 = 11.35). Table 3 shows that none of the ORs computed in more detailed strata of smoking status were different from unity. For example, the OR of lung cancer for ever keeping birds was 0.75 (0.40-1.39) in smokers of < 20 cigarettes per day and 1.73 (0.73-4.13) in smokers of > 20 cigarettes per day. These stratified analyses gave consistent results for men and women and are presented for the whole sample only, but adjusted for gender.
DISCUSSION
The present study failed to show an association between keeping pet birds (mostly, parakeet/budgerigar, canaries, finches and parrots) and lung cancer. Such an association was absent in both men and women and across four categories of exposure to tobacco smoke (never smoker, 1-20 cigarettes per day, > 20 cigarettes per day and ex-smoker).
These results argue against confounding or synergism between smoking and pet bird keeping with respect to lung cancer risk. They are consistent with those of Alavanja et al (1996) and Modigh et al (1996) , although the findings of the previous US study were limited to women .
The observed prevalence of keeping pet birds in controls was under 20%, a much lower figure than the 40% observed in Sweden, Missouri or Germany, or the 50% found in England.
Differences in prevalence may be associated with differences in the way pet birds are kept and in the number of pet birds kept simultaneously. However, it was reassuring with respect to extemal validity, that distributions of durations of exposure among pet bird keepers were very consistent across populations (as shown in Table 4 ). For example, 12% of controls studied by Kohlmeier et al (1992) reported having kept birds for 2 11 years vs 8.3% in the present study; prevalences for keeping birds 2 10 years among men was 19.8% in Modigh et al (1996) vs 18.5% in the present study. In addition, the low prevalence of pet bird keeping in this American study compared with European studies is supported by the data reported by Holst et al (1988) , according to which in 1980 the ratio of household birds to inhabitants was 0.11 in the US and 0.55 in The Netherlands. Gardiner et al (1992) had found that keeping pigeons (OR = 3.53) could specifically increase the risk of lung cancer but not keeping parakeet/budgerigars (OR = 1.14), canaries (OR = 0.54) or finches (OR = 1.28). Our study could not rule out the hypothesis that only pigeons could be oncogenic for the lung as none of the participants reported ever having kept pigeons. It is of note that the prevalence of pigeon owners was high in the Scottish study (Gardiner et al, 1992) but only two people in the study by Modigh et al (1996) reported exposure to pigeons.
In contrast to the two community-based studies Modigh et al, 1996) , the present case-control study was hospital-based. Such a design could tend to underestimate the association between pet bird keeping and lung cancer if exposure to pet birds was an important cause of diseases that led to the hospitalization of controls. However, because of the relatively low prevalence of keeping pet birds in the present study, over-hospitalization of pet bird keepers is unlikely to have biased the OR towards unity. Furthermore, participation was high and selection bias according to pet bird keeping could be ruled out. A person may be unwilling to receive an interviewer if the pet birds fly freely in the apartment or if they are numerous. But there is no reason for this refusal to occur if the person is interviewed at the hospital.
In conclusion, this is one more negative case-control study of the association between pet birds and lung cancer. Its sample size was large enough to allow for a rigorous assessment of confounding by smoking or synergism with smoking. There is no hint that the inconsistency of results between the three first studies (Holst et al, 1988; Gardiner et al, 1992; Kohlmeier et al, 1992 ) and the two later ones Modigh et al, 1996) plus the present one could be due to synergism, either additive or multiplicative. Keeping parakeets, budgerigars, canaries, finches or parrots is not a risk factor for lung cancer among hospital patients in New York and in Washington, DC.
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